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Abstract
The effects of aggregation on the reliability of measures of

<

" academic pérformance were explored in two studies. In the first
study, 30 elementary-age children were tested four times on th: same
forms of three reading measures; group stability cqefficients, within-
subject reliability coéfficiénts, and group correlations between
variables each were ca1cu1ated on the basis of one or .two testings and‘
then on the basis of aggregations over four testings. . On the
standardized measure ;nd on the oral passage reading correct rate
score, aggregation had 1ittle impact; however, on the oral passage
reading error rate score, aggregation‘ substantially dincreased all
reliablity indices. .In the second study, 78 children here tested 10
times on alternate forms of two "reading measures and one wriflen
expression measure; group stability coefficients we}e ca]gu]ated on
the basis of 2, 4, 6, 8, and 10 testings. For the oral words-in-
isolatien reading correct score, aggregation *had 1itt1é effect,
whereas aggregating over occasions and test forms dramatically
improved the stability of the oral words-in-isolation reading error

score and the written ‘expression score. Implications for the

measurement of academic behavior are discussed.

3
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Use of Aggregation to Improve the Reliability of Simple

Direct Measures of Academic Performance

According to the Sfandards for Educational and Psychological
Tests (APA, 1972), crizerion validity is a broad cépss of test
validity that assesses the usefulness of a measure as a predictor of
other variables. Criterion validity questions tyﬁica]]y address the
suitabili@y of substituting a test for a 1ogdér, more cumbersome,zbn%

more expensive criterion. Therefore, the concern is with verifying

the existence and strength of useful relationships, under applied.

’

conditions (Messick, 1980).

Criterion-relatedness is determined by correlational analyses and
extensiins of correlational analyses to mu]tivariate>aqa]yses. The
most e]emeﬁzary example is the correlation of an individual predictor
test fith an individual criterion (Nunnally, 1978), where the strength
of that correlation specifies the degree of predictive efficiency
between the measures. }n most criterion--elated or prediction
prob{éms, psychomet}ic theorists agree that it is-reasonable to expect
only modest corre]ations between a criterion and predictor test
(Nunnally, 1978; Terwilliger, 1980). One reason for these modest
correlations 1is the imprecision ,or unreliability that attentuates
observed correlations (Stanley, 1971). -

In studies of criterion validity, one method commonly employed to
reduce random error and simultaneously to improve the extent to which
true :relationships are observed is to increase the sample size.
However, as Epstein (1980) makes clear, a fundamental but widely
ignored alternative strategy is £o aggregage obiervations over

situations and/or occasions. The law of sampling distributions holds
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that hehavior aqgregated over stimuli or occaﬁjons as well as over
individuals should reduce measurement error and improve the basis for
establishing reliable, generalizable re]atioﬁships.
In 2 series of fog? siudies, Epstein (1979) demonstrated that
aggregating over occasions, in féct, "did render more reliable ,
* >
. correlations. He found that when a wiSe range of personality measures
each weire averaged over an increasing number of occasions, stability
v cd%fficients, indicative of a measure's reliability or precision,
, increased to high Jlevels. In these studies, Epste1n found that
relations between variables observed on one occasion were lower than,
and sometimes opposite from, relations between the same variables
observed andupvéraqed over sever§1>occasions. This pattern held ;ot
only for persona]ity measures, but also for direct observat1ons of :
. behavior and even a phys1oloq1ca1 index of heart rate
The two experiments reported here exam1ned the.hypothesis that
this phenomenon may apply to the measuremept of academic behaviors.,
These inves®igations are relevant for educational measurement, in
general, hetause they provide information concerning how to measure
more accurately students'’ agademic performance. More specifically,
they are relevant for frequent measurement and continuous tide-series
evaluation strategies, where the practice of aggregating performance

—

across occasions and/or test forms is routine, but where the frequency

with which measurement need occur is unclear. Results of these
studies should provide practitioners, who measure student performance ¢
on goals frequenf]y and who formatively evaluate student programs,
with information concerning how many data points are necessary before

-
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reliable and valid estimates of Student performance are achieved.

The first experim;ntaA explored questions related to " the
measurement of reading behavior ‘on the same test sampled over
occasions.q The second investigated issues concerning the measurement

of reading and written expression performance when behaviors are

sampled over occasions and over parallel test forms.

Study 1

Study 1 posed three questions. First, it asked: How does
aggregating students' scores on a test administered on several
occasions affect stability in the measurement of academic performance?
The sfuay “compared stahility coefficients for reading behavior
measured and averaged over two occasions with coefficients for the
same.behavior measured and averaged over four occasions.

= The secoﬁddquestion addres;ed in Stu&y 1 was: If aggregation
imééoves the stability of academic measures as explored through
éorr;]é‘jonal analyses, then to what extent does it allow one to
predict more .accurately an individual's true score? To explore this
quest%on, within-subject reliability coefficients were examined, with
subjectg' behavior first observed on two occasions, then observed on
and averaged over four occasions,

Question 3 in this study explored: How does‘aggreqation over
testing occasions affect the strength of relations between measures of
;cademic performance? Specifically, the study compared the strength
of relations between two reading. behaviors when the data were

collected on a single occasion with the ‘strength of relations when

data were collected on and averaged within subjects over four

-




occasions.

Subjects. Ningty English speaking students, distributed across
the six elementary grade levels, were selected randomly from one
midwestern metropo]it#ﬁ school for inclusion in a separate study.
From this pool of 90 students to whom the dependent measures were

. administered as part of a larger battery of tests, 30 subjects (M¥15,

F=15) evenly distributed among grades 1-6 were selected randomly.

Measures. The measures were: (a) from the Woodcock Reading

>

Mastery Tests (Woodcock, 1973), the Word Identification Test of Form A

(WRMT); and (b) from the Ginn 720 reading sg:ﬁes, a.ZOO word passage,
representative of the average Eeadabi]ity (3jngfrom the last 25% of
level 8. (See Fuchs & Deno, 1981 for passage selection procedure.)

Procedure. According to a standard format, the 30 students were
tested individually four time% by a trained examiner. On one of these
occasions, the measures were administered within a larger battery of
tests; this testing session was approximately 60 $inutes. Each of the
other three sessions lasted approximately 10 minutes. “Each student
was assigned ;andom1y to one of four :groups, each of which received
the longer battery at a different point in the sequence of the four
administrations. Additionally, the order in which the measures were
administer;d within a test session was random,

Data énalyses. The data were subjected to three analyses. The

first analysis was to obtain group stability coefficients within

variables. These coefficients were obtained- for the following

variables: (a) the WRMT raw score, (b) the words correct per minute

~
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score on the Ginn 720 reading passage, and (c) the errors per minute

v

i *score on the Ginn 720 vreading _passage. Odd-even stability

coefficients (Epstein, 1980)& averaqed‘, first across two days
(correlation between benavior on Day 1 and behavior on Day 2) and then
,across four days (cor-elation between behavior ayeraged over Days 1

and 3 and behavior averaged over Days 2 and 4), were calculated and

« compared.

A secord analysis was conducted to obtain within-subject

* 5 :

reliability coefficients. For the Ginn 720 correct per minute scoré

and the;Ginn 720 error per minute score, a reﬁiabi]ity coefficient
(percentage of overlap) Was ca]cu]atgq hefween (a) Day 1 and Day 2,
and (b) the average of Days 1 aﬁd 3 and the average of Days 2 and 4.
These coefficients were compared for each variable.

A third analysis examined group correlations between variables,

Correlations were calculated between (3) the WRMT raw score and the

" words per minute correct score on the Ginn passages, and (b)'the WRMT

raw score and the error per minute score on the Ginn passages. First,
these correlations were based on each sdbjeqt's performance on the
first\355>sion. Then, the correlations were recalculated on the basis
of the average' of each subject's .performance on each variable across
the four occasions. The strength of relations based on one occasion
was compared to the strength of relatjons ba;ed on four occasions.

>

Results

)

Question 1: How does aggregating students' scores on a test

administered on several occasions affect stability in the measurement

of academic performance? As displayed in Table 1, 2-day and 4-day

-
(‘—
-]
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group stability coefficients for, the three dependent variables were
. ~ o

¥ .“.. §
statistically significant (p < .00l). The correlations for the WRMT
+ * - raw score and the Ginm words correct score were high and similar;‘
A4 - . PR
correlations were low for the Ginn error rate score. This indicates

greater precision or reliability—for the WRMT and correct-rate scores
) > .
relative to the error rate score;:

»
________________________ - -

e e e = = e -

Nithin each measure, stability coefficients increased from 2-day
. : < N -
to 4-day agqregations. The 2-day_error rate coefficient initially was

Insert Table 1 about here .- ]
o . .18 (22%) lower than both the 2-day WRMT and the 2-day correct rate

coefficients. However, the error Eéte 4—&5{ goefficient improved .15

(19%) oygr’"iQS 2-day coefficient while the WRMT and correct rate
coefficients remained nearly the same. Therefore, the 4-day error
rate was very similar'to the ﬂ—dav WRMT and Fhe 4-day correct rate
coefficients., It appears, then, that aqéregation posjitively affected
the reliability of error’rate scores; it had no.impact'on the wRﬁT or o
) the corregt,rate scores, : .

. 2 * v

Question 2: To what extent does aggregation allow one to predict

e more accurately an individual's true score? Table 2 displays, for

each measure, the within-s%bject reliability coefficients: (a) the
mean percentage of overlap between scores on Day 1 and Day 2, (b) the
mean percentage of overlap between the average of scores on Days 1 and

3 with the average of scores on Days 2 and 4, and (c) the mean within-

subject changes between 2-day and 4-day coefficients. As with the




' , 7
'stabilit} coefficients these. mean nreliability coefficients were
h1ghesb for the NRMT and Jlowest for the Ginn error rate measures.
Agaln, small d1fferepces were noted between the 2- day and 4-day WRMT
: coeff1c1ents; the d1fference was slightly larger for Qinn correct rate
and dargest for Ginn’error‘rate. 'Mean‘within—suﬁgeqt\yhanges were N ) ‘)
_”“ordﬁred.in a s<milar manner,, Therefore, whereas the G8nn 2-day error
rate'coeff}cient was .3} (47%) below the WRMT 2-day coefficient, the

. . .
grror rute 4-day coefficient was on1y .25 (34%) below the WRMT 4-day
&

coeff1c1ent It appears that agqregat1on allows one to predict an
nd1v1dua1 5. score more, accurately for error rate, .but has Tlittle

’ v

effect on wRMT or corregt rate scores.

R L R e e e L

desticn 3: How does aggreg_t1on over test1nngccas1ons affect

the relatﬁon between meaSures of acadgm1c performance? Two sets of

>

correlat1ons were computed between (a) WRMT raw .scoge and Ginn words

correct rate score, and (b) NRMT raw score and Ginn-error rate score
The f1rst set was based on scnres on‘gne day; the second sset was based

b od

on the average score across the four occasgons The correlations and

. the1r p-values &re d1sp1ayed ipe Tab]e 3. A]i corre1ations were'
stat1st1ca1ly s1gn1f1cant : "For the‘stab]e measures, WRMT and G{nn
words correct rate scores, the 1- day ctof1c1e~§\was high (591) and
remained at approx1mately the same 1eve1 when’ca}culated on_ the bas1s ‘ .
of four days ( 89) However the correlat1on between WRM; scores and

. \ .
the least- stab1e measurew of error rate based on one “day €-. 46)
* * ‘ V‘l -
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g increased 18% when calculated on the basis of four days (-.53). As
with the other analyses, then, it appears that aggregation affects the
13 strength of relation when error rate is involved; but dces not affect

'ﬂég the strength of relation when correct rate is involved.

s Discussion ‘
s & , ) o
e The WRMT and the Ginn correct scores initially were precise,

- -

% reliable meayres, as. evidenced by all three statistics, the 2-day

\ 'group stability coefficients, and 2-day within- subJect re11ab111ty
< coefficients, and the l-day correlation between the WRMT®and Ginn

correct rate scores, For these initially reliable measures,

aggredating on the same test over occasions made no important

- contribution to the measures"stability or to the strength of the

- LY 4

o i relations betwéén measures. .o ‘

* M ¢

K However, aggregat1ng on the same’ test over occasions appeared to
have an 1mportant effect on: the least stab]e measure, the Ginn error
rate, AggregatIng over four days substantially enpénted the error

. rate qroup stability coefficients, the. within -subject reliability
/ coeff1c1ents, and the\strehgth of relation between variables.

. Add1t1ona11y, the’ f1nd1ng that error rate, the 1east reliable
measure, manifested an initially weak relation with dther measures
corroborates other studies of criterion-relatedness between simple

measures and achievement tests (Deno, Mirkin, Chiang, & Lowry, 1980;

However, this study suggests that when

Fuchs % Deno, &981).
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performance is sampled and aggregated across time, as is routinely
done in frequent measurement and continuous evaluation, error rate

becomes a more stable, reliable, precise measure and its criterion

~validity with other measures improves.

Study 2

While the effects of sampling on the same test form over
occasions were explored in Study 1, the impact of sampling on parailel
test forms over occasions was examined in Study 2. By aggregating
performance across stimuli (test forms) in addition to aggregating
performance over occasions, two types of error in pupils' scores

potentially are reduced. First, with respect to aggregation across

stimuli, the unique effects associated with particular stimuli aré

cancelled relative to their contribution to the test concept/skill on
which all items converge. Second, aggregating over occasions cancé1s
incidental effects associated with specific sessions. Both types of
aggregation should enhance the ‘reliability of a measure and‘increase
the replicability of findings (Epstein, 1980). Therefore, the purpose
of)the second study was to examine the effect of aggregation across
both test forms and occasions on group stability coefficients for
academic measures.
Method

Subjects. Subjects were 78 children (M=48, F=30) selected from
three public schools in a'%idwest metropolitan area. Each child,

) - - . . . . ‘ .
selected as "high-risk" for receiving special education services,

scored at or below the 15th percentile on a short duration measure of

written expression within his/her grade Jlevel [see measurement
¢ -

1

[CAN
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procedures in Deno, Marston, & Mirkin, 1982). The numbers of children
in grades 3-6,-respectively, were 26, 17, 19, and 21.

Procedure. Once per week over‘a 10-week period, an alternate
form of, an oral word‘reading measure was administered jndividually to
each child (Dbn6 et al., 19%9). Each alternate form was generated by
randomly selecting words from the. third grade level pf tHe
Harris-Jacobson Word List (Harris & Jacobson, 1972). The children's
task was to read aloud words for one minute while the examiner
recorded errors. Words read correctly per minute “and errors per
minute were scored. |

During each testing session, a writing sample also was obtained.
For this measure of written expression, each student was presented
with an alternate form of a story starter -each week and required to
write on the story tbpic for three minutes. Number of correctly
spelled words was scored. -

Data analysis. Group stability coefficients were calculated for

the reading word correct rate score, the error rate score, and the
written expression measure score. The odd-even stability coefficients
first were averaged across two observations {correlation between
behavior on Week 1 and behqvior on Week 2), then across four
observations (correlation between behavior averaged over Weeks 1 and 3
and behavior averaged over Weeks 2 and 4), then across ;ix
observations (the average behavior over Weeks 1, 3, and 5 correlated
with the average behavior over Weeks 2, 4, and 6), then across eight

observations, and finally across 10 observations. Within variables,

these correlations were compared.
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Results - —

Table 4 displays 2, 4, 6, 8, aﬁz 10-day group stability
coefficients for the three dependentavariables. o A1l correlations were
statistically significant, and were consistently higher for the
reading words correct score than for the reading erro; séore or the

o

written expression score.

Within each measure, stability coefficients increased as the
number of observations increased. The 2-day reading error rate
coefficient initially was .69 (280%) lower than the 2-day correct rate
coefficient;ﬂ;et, the difference between the correct and error rate
coefficients decreased as the number of observations increased so
that, when coefficients were based on 10 observationg, the error rate
correlation was only .12 (13%) Jlower than Lthe correct rate
correlation. Consequently, the stability coefficient for the error
rate score improved dramatically .62 (553%) over the increasing number
of observations.

Similarly, the 2-day written expression coefficient was .39 (70%)
lower than the 2-day reading words correct coefficient. Again, the

difference between the reading words correct and written expression

coefficients decreased as the number of observations increased. When

coefficients were based on 10 observations, the written expression

correlation was only .10 (11%) lower. It appears, then, that

aggregatibn over test forms and occasions dramatically affects oral

<
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reading error and written expression stability coefficients, but does
not affect correct oral reading stability.

Discussion *

The correct rate oral reading score again was an initié]]y
precise measure as evidenced by the group stability coefficients. For
this initially reliable measure, aggregﬂting over alternate forms of a
test and over occasion§ made no real contribution to the measure's
stability. However, as 1in Study 1, oral reading error rate was
initially quite imprecise. Additionally, the written expression score
initially was uﬁre]iab]e. Aggregating over alternate forms of a test
and over occasions had a dramatic effect on these unstable measures,
enhancing their stability to well within an acceptable level of
alternate-form/test-retest reliability when the stability coefficients

were based on aggregations over 10 observations.

Implications

The results of these two studies have several implications for
' the measurement of academic behavior. First, it appears that some
academic behaviors initially are measured precisely. The WRMT, by all
indices, rendered reliable student scores even when measurement was
base& on one observation. Given the documented strong psychometric
adequqcy of thg WRMT, this may not be surprising. However, an
interesting finding of these studies is that the simple, short
duration measures of either oral correct word reading or oral correct

passage reading were very precise, just as precise as the WRMT, when

‘measurement was based on one occasion and/or on one test form. For

these behaviors, aggregating on the same test over occasions had
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Tittle or no effect on group stability coefficients, on within-subject
reliability, or on the strengih of relations with other reliably
observed behaviors. Similarlv, for these initially precise measures,
aggregating over alternate forms of the same test and over occasions
did not affect group stability coefficients.

A gecond implication ‘of these studies, nevertheless, is that
other academic’ behaviors, such as the error Ginn passage reading
measure, the error word reading measure, and thg written expression
measure, are not measured reliably on the same test form on one
occasion. For those behaviors, aggregating over occasions had a
positive impact on group stability coefficients, on within-subject
reliability, and on the streagth of relations between variables;

similarly, aggregating over alternate test forms and over occasions

dramaticplly affected group stability coefficients. Therefore, for

certain academic behaviors, sampling -on the same test form across time,

or on alternate test forms across time provides more precise
information. This suggests the importance of aggregating.a student's
academic test perfGrmance across observations and/or test forms for
certain Behaviors, in order to ensure accurate information for
decision making. These studies indicate a minimum of 5 to 10 data
points are required for reliable estimation of children's performance
on relatively imprecise measures such as oral reading errors or a
written expression measure. As teachers increasingly—use curriculum-
based measurement to formulate decisions about students' progress

toward goals, they might well consider aggregation as a means of

N

improving the accuracy of their estimates of student performance and
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the decisions they make.

Nevertheless, results of this study suggest that certain very
simple, short duration academic measures, such as a one-minute correct
oral word reading task and a one-minute correct oral passage reading
test, are very stable and correlate highly with more elaborate,
global, norm-referenced standardized tests such as the WRMT. Results
of these studies demonstrate the reliability and criterion validity of
such short, simple measures, and suggest the suitability of

P

substituting them for more elaborate and time-consuming measures of

academic performance.




References,

APA. Standards for educational and psychological tests. Washington,
D.C.: American Psychological Association, 1972.

Deno, S. L., Marston, D., & Mirkin, P. K. Valid measurement

procedures for continuous evaluation of written expression.
N Exceptional Children, 1982, 48, 368-370.

Deno, S. L., Mirkin, P. K., Chiang, B., & Lowry, L. Relationships
among simple measures of reading and performance on standardized
‘achievement tests (Research Report No. 21). Minneapolis:
University of Minnesota, Institute for Research on Learning

. ~ Disabilities, 1980. (ERIC Document Reéproduction Service No. ED

197 508)

Epstein, S. The stability of behavior: 1. On predicting most of the
people much of the time. Journal of Personality and Social
Psychology, 1979, 37(7), 1097-1126.

-y

Epstein, S. The stability of behavior: II. Implications for
psychological research, American Psychologist, 1980, 35(9),
790-806. .

Fuchs, L. S., & Deno, S. L. The relationship between curriculum-based
mastery measures and standardized achievement tests in reading
(Research Report No. 57). Minneapolis: University of Minnesota, .
Institute for Research on Learning Disabilities, 1981. (ERIC
Document Reproduction Service No. ED 212 662)

Harris, A. J., & Jacobson, M. D. Basic elementary reading
vocabularies. New York: MacMillan, 1972.

Messick, S. Test validity and the ethics of assessment. American
Psychologist, 1980, 35(11), 1012-1027.

Nunnally, J. C. Psychometric theory. New York: McGraw Hill, 1978.

Stanley, J. C. Reliability. 1In R, L. Thorndike (Ed.), Educational
measurement (2nd ed.). Washington, D.C.: American Council on

Education, 1971.
Terwilliger, J. Personal communication. October, 1980.

Woodcock, R. Woodcock Reading Mastery Tests. Circle Pines, MN:
American Guidance Service, 1973.

St - s e

Q0




|

16
— Table 1
~ 1. s a )
Group Stability Coefficients™ (N=30)
Stability Coefficients "

Measures 2-day 4-day
Woodcock Word Identification .96

Test - raw score , )
Ginn 720, 3rd grade reading .96

passage - words correct per

minute
Ginn 720, 3rd grade reading .78

passage - errors per minute

311 correlations are statistically significant (p < .001).

¢
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Table 2
Within Subject Reliability Coefficients (N=30).

2

L ' 2-day 4-day within subject change from
Measure coefficient coefficient 2-day to 4-day coefficient
WRNT ' .96 .97 . 012
Ginn Correct Rate .85 .88 . .036
Ginn Correct Rate .65 .72 .080
\
o) -~

~ N




Table 3
i

Cbrre]ations Between Variables Calculated on One-Day Scores

and on the Means of Four-Day Scores (N=30)

Correlations and p-values

1-day 4-day
Between coefficient p-value coefficient p-value
WRMT and Ginn Correct .91 .001 .89 .001
Rate
WRMT and Ginn Error Rate -.46 0N -.54 .003
')
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. Zéb]e 4
Two, Four, Six, Eight, and Ten-Daj/ bservation Stability Coeffici@nt§aﬁ(ﬂ=78)

7

/‘

Stability Coefficients

2- 4- 6- 8- 10-
Observation Observation Observation Observation Observation

Reading Words Correct .94 .96 .98 .98 .99
Rate

Reading Error Rate .25% ..58 .76 .83. .87

Writing Words .55 .72 .85 .88 .89

3M11 correlations are statistically sig ificant (p=.001, except *35.015).

h )
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